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Abstract: This paper presents the results of a sustainability impact assessment (SIA) of 
policy induced land use changes in Yogyakarta, Indonesia. The regional problems include 
rapid expansions of urban areas, due to high population pressure, and the conversion of 
paddy fields and forests into settlements. The objective of this study was to assess the 
impacts of two land use policies on social, economic, and environmental Land Use 
Functions (LUFs) in Yogyakarta. The following scenarios were developed for the SIA: a 
forest protection scenario (S1), a paddy field conservation scenario (S2), and a 
counterfactual (no policy) scenario of ‘Business As Usual’ (BAU). The Framework for 
Participatory Impact Assessment (FoPIA) was applied to conduct an expert-based impact 
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assessment. For the specification of the regional sustainability context, a set of nine key 
LUFs and associated indicators were developed, including three social, three economic, 
and three environmental sustainability criteria. The resulting scenario impacts of the 
assessment differed considerably, with positive impacts of the S1 and S2 scenarios on 
seven of nine LUFs, and negative impacts of the BAU scenario on six LUFs. The 
perception of the FoPIA method by the regional stakeholders was positive. We conclude 
that this method contributes toward an enhanced regional understanding of policy effects 
and sustainability, particularly in data-poor environments.  
Keywords: sustainability impact assessment (SIA); land use change, land use functions 
(LUFs); stakeholder participation 
 
1. Introduction 
Sustainability oriented policy making requires a comprehensive and reliable analysis of the ex ante 
impacts of policy changes on the economic, environmental, and social components of  
development [1-3]. Sustainability Impact Assessment (SIA) is an increasingly accepted way for  
ex ante policy assessment and is rapidly spreading at different levels of governance [4,5]. A wide range 
of approaches is available in the field of SIA, including both analytical (e.g., model based), qualitative, 
and participation-based methods [6,7]. However, the specific context of policy making, together with 
the specific set of sustainability issues, makes every impact assessment unique and prohibits the 
development of “one size fits all” methods of impact assessment [2]. Because of complex 
interdependencies and abstract thinking in SIA, a suitable mix of contextually adapted approaches and 
tools should be considered that together, can support a sound and informed political decision-making. 
The choice of a particular approach for impact assessments depends on various aspects, such as the 
specific decision context, regional aspects, preferences of stakeholders and decision makers, capacities, 
budget, and the time available for the assessment. In many developed countries, for example, 
monitoring systems for environmental and socio-economic data have been established several decades 
ago, thus allowing the application of quantitative, computer-based assessment approaches.  
However, data limitations still occur, for example, with regards to the availability of spatial land use 
data [8]. In addition, particularly if applied in multi-stakeholder contexts, SIA should not only include 
the provision of hard scientific facts, but should also be participatory and stakeholder-based in order to 
provide useful and transparent information to assist responsible decision making [9]. In this context, 
stakeholders are individuals, groups, and organizations that are directly affected by decisions and 
actions, or that have the power to influence the outcomes of these decisions [10].  
In contrast, in many developing countries, the situation requires new research strategies in order to 
understand fundamental interactions between nature and society [11,12]. According to Bacic et al. 
[13], incomplete information is one of the main constraints for decision-making. Limited data 
availability and data quality often prevent the use of model-based assessments. This is particularly the 
case in developing countries and requires instead, softer approaches and more flexibility for SIA [14]. 
Indonesia serves as an appropriate example for the application of a participation-based SIA, where 
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global changes and regional development have affected many urban and rural areas during the past. 
The chosen case study, Yogyakarta, has experienced vast land use changes that were mainly caused by 
urban expansions, high population pressures, and growing demands for natural resources.  
Population density in the Yogyakarta region increased by 84% from 532 inhabitants per km2  
in 1970 to 979 person per km2 in 2000 [15]. This rapid growth resulted in urban-rural expansions of  
built-up areas by 13% (1990–2006) [16]. Given the fact that most natural forests in this region have 
been cleared already (with the remaining area being under strong protection), the demand for 
settlement space is mostly met by changing rice paddies into settlements. As observed by Ding [17] for 
another region, the loss of one unit of farmland due to urban constructions has to be reclaimed 
somewhere else (i.e., protected forests). 
These developments brought about a set of policy actions on the agenda of national and regional 
legislation bodies with the aim of limiting the uncontrolled land use changes in the Region of 
Yogyakarta. However, such policies usually aim at one objective only, and do not take into account the 
sustainability impacts through side effects on other land uses and related sectors.  
In this paper, we describe how the Framework for Participatory Impact Assessment (FoPIA) 
method, as developed by Morris et al. [18], was adapted to assess two relevant land use policies in the 
Region of Yogyakarta. We include a presentation of the results of the first application and a critical 
reflection upon testing this method in a non-European region for the first time. 
2. The Study Area 
The study was conducted in the Region of Yogyakarta (Figure 1). Yogyakarta is a densely populated 
area which is situated in Central Java, Indonesia, and is threatened by two main factors: high 
population pressure and frequently occurring natural hazards. High migration rates and economic 
growth have resulted in fast growing urban-rural expansion, mainly by land conversions from farmland 
and forest land into built-up areas [19]. The main economic activities refer to the service sector, 
agriculture, and industries, contributing to 39.6%, 15.1%, and 13.9% of the regional gross domestic 
product (GDP), respectively [15]. 
The Region of Yogyakarta is comprised of five districts, with Bantul District in the south (506.86 km²), 
Sleman District in the north (574.82 km²), Kulon Progo District in the west (586.27 km²), Gunung 
Kidul District in the east (1,485.36 km²), and Yogyakarta City in the center (32.5 km²).  
The northern part of Yogyakarta reaches the foothills of the Merapi volcano, which is considered 
one of the most active volcanoes in the world [20]. The last big eruption was dated back to 2006, 
which resulted in dramatic devastation of the Sleman and Bantul Districts, along with the suburbs of 
Yogyakarta City [21]. 
The elevation of the Region of Yogyakarta reaches 2,968 m above sea level. The climate is tropical, 
with average temperatures of 26.5 °C and a high mean annual rainfall of approximately 1,855 mm. 
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Figure 1. Location map of the case study area of Yogyakarta, Indonesia, including the 
administrative boundaries of districts. 
 
The region is characterized by industries in Yogyakarta City and small-scale subsistence agriculture 
in the suburban and rural areas. 
From 1993 to 2006, urban built-up areas and new rural settlements doubled, while the area of 
agricultural land decreased by 25%. Rural areas, including home- or forest gardens, now account  
for 16%, and urban areas for 4%. The remaining area belongs to forests and coastal protection zones [16]. 
Mixed farming systems with crop production, livestock, and home gardens (agroforestry systems) 
are the dominant farm types. These include paddy rice (Oryza sativa), mixed agroforestry systems with 
fruit trees, such as mango (Mangifera indica), banana (Musa x paradisiaca), and guava, and 
vegetables, including tomato (Solanum lycopersicum), chilli (Capsicum annuum), sweet potato 
(Ipomoea batatas), and cassava (Manihot esculenta), or annual crops, such as maize (Zea mays), beans 
(Phaseolus vulgaris), or groundnuts (Arachis hypogaea) under rainfed conditions. The livestock 
encompasses sheep, goats, beef cattle, dairy cows, and poultry.  
3. Methods 
3.1. The FoPIA Approach 
For the SIA of the selected land use policies, we applied the FoPIA approach, as described by 
Morris et al. [18]. The FoPIA is a stand-alone method that can be used to structure and conduct an 
expert-based SIA. The implementation of the FoPIA to the study area of Yogyakarta followed an 
integrated approach, as proposed by Reidsma et al. [22], and was structured into three parts:  
(i) scenario development, (ii) specification of the sustainability context, and (iii) scenario impact 
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assessment (Figure 2). During a preparation phase, available information and materials were gathered 
and evaluated with a focus on the case study region and related problem issues. Several expert 
workshops were first used to select potential policy instruments and drivers of regional land use 
changes to be developed into plausible and alternative future scenarios. For the specification of the 
regional sustainability context, we applied the Land Use Functions (LUF) concept [3,23,24] that allows 
for a balanced classification of key sustainability issues into economic, social, and environmental 
assessment groups. For this purpose, a regional stakeholder workshop was used to identify and define a 
key set of LUFs and related assessment indicators. The impact assessment was then conducted, in 
which the scenario impacts were judged and discussed for each LUF. We considered stakeholders as 
being rather indirectly affected by the selected policies, including representatives of those stakeholders 
being involved in the design and implementation of a policy (experts at the regional level) and experts 
who provide knowledge and insights on the local impacts (land use changes). The involvement of 
stakeholders from different levels in the process of SIA was stressed by Fraser et al. [25] in order to 
avoid the neglection of either sustainability aspects. The research team facilitated as a moderator 
during the FoPIA workshop and was responsible for the evaluation and analysis of assessment results. 
Figure 2. The implementation structure of the Framework for Participatory Impact 
Assessment (FoPIA) to the case study of Yogyakarta. 
 
3.2. Stakeholder Involvement 
Stakeholder knowledge was used to obtain the required expertise and judgment about policy 
impacts on regional LUFs. For this purpose, a group of fourteen regional actors was identified and 
invited to conduct an expert-based SIA of selected land use policies in Yogyakarta. The expert panel 
included representatives of the Agricultural Agency of Yogyakarta (one expert), Bureau of  
Forestry (one expert), Bureau of Environmental Management of Central Java (one expert), Department 
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of Natural Hazards (UGM) (two experts), Department of Hydrology (UGM) (two experts), Spatial 
Planning Agency of Yogyakarta (one expert), Spatial Planning Agency of Sleman District (one expert), 
Spatial Planning Agency of Bantul District (one expert), Spatial Planning Agency of Kulon Progo 
District (one expert), Spatial Planning Agency of Gunung Kidul District (one expert), and the NGO of 
Rural Development (PUDSEA) (two experts). The group covered representatives from different 
regional, environmental, social, and economic institutions, and was limited to a group size of not more 
than 15 experts to allow for active knowledge exchange during discussions. 
3.3. Scenario Development 
The definition of the case study specific problem issues and the driving forces behind these 
problems, as well as the delineation of the case study boundaries, were completed in the first step of 
the scenario development. This first step was carried out by using available literature and materials 
from previous studies and available project reports. The selection of relevant land use policies was 
done during a prior expert workshop, in which local officials outlined the main characteristics and 
regional implementation of relevant land use policies. Based on these findings, we developed two 
alternative scenarios as follows: (1) S1, protection of forest land and (2) S2, conservation of paddy 
fields. We also used a ‘Business As Usual’ (BAU) scenario that served as a counterfactual scenario to 
assess scenario impacts in the absence of the policies (Table 1). For all three scenarios, the  
year 2025 was chosen as the target year, since we intended to focus on medium-term sustainable  
development impacts.  
The S1 scenario had the goal of promoting forest areas and controlling illegal logging for 
environmental protection and economic development. Key scenario elements included a strong 
implementation of regional forest management and an increase of forest land by setting incentives on 
tree planting in rural areas and by promoting industrial timber production with high economic values 
(e.g., teak) and forest protection on upstream areas of watersheds and steep slope areas.  
The S2 scenario aimed at the conservation of paddy fields with the main objective of ensuring 
regional food security. For the S2 scenario, we assumed a controlled and limited spread of settlements 
with key scenario elements that included a strong protection of paddy fields, incentives on paddy  
field farming through subsidized seedlings and fertilizer, and strong regulations and high taxing on  
land conversion.  
The BAU scenario implied that land conversions continue as an ongoing trend, and that no 
additional or particular policy intervention was assumed. Simple land use maps were prepared to 
visualize possible scenario outcomes based on past land use changes and future trend extrapolations. 
For this purpose, the land use change modulator IDRISI was used to simulate changes of land use  
from 1993 to 2006 and projections toward 2025. 
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Table 1. Description of the scenarios.  
 BAU-Business As Usual S1—Forest scenario S2—Paddy field scenario 
Scenario type reference scenario policy scenario policy scenario 
General characteristics no policy (trend) protection of forest land protection of paddy fields 
Driver 
economic growth, 
population growth 
economic growth, 
population growth 
economic growth, 
population growth 
Target year 2025 2025 2025 
Implementation  - 
since 1999, full 
implementation from  
2009–2025 
since 1992, full 
implementation from  
2009–2025 
Instrument - Law No. 41/1999 Perda DIY No. 5/1992 
3.4. Land Use Functions and Indicators 
As mentioned above, the concept of LUFs [3] is applied within the FoPIA in order to link land use 
and sustainability. LUFs are defined as ‘goods and services’, which are provided by different land uses 
that summarize the most relevant economic, social, and environmental aspects of a region [23]. The 
framework of the LUFs is applied to classify regionally relevant sustainability issues into social, 
economic, and environmental categories, and to display interim SIA results as the basis for stakeholder 
discussions. In this regard, LUFs can be seen as a pragmatic method for stakeholder-driven 
sustainability assessment of land use changes [26]. To initiate a discussion of regional sustainability, a 
drafted set of LUFs was presented to the stakeholder group during the FoPIA workshop. In order to 
have an estimate for the regional importance of sustainability, a scoring exercise was used in which 
stakeholders were asked to point out their individual preferences on each LUF. The range of scores was 
from 1 to 10, where 10 denoted a very high importance and 1 denoted low importance. Scores were not 
exclusive, and could be attributed to more than one LUF. Scoring results were presented to stimulate 
discussions about different sustainability perceptions and to explore preferences for each LUF. Upon 
completion of this exercise and guided discussions of scoring results, the group was encouraged to 
move towards a shared understanding of the relative importance of each LUF. Based on these findings, 
a final list of nine region-specific LUFs was defined. 
Each LUF needs to be represented by one corresponding indicator, as recommended by  
Morris et al. [18], in order to have a precise criterion for handling the LUFs in the impact assessment. 
These indicators were selected and defined by local experts and the research team. 
Selection criteria for appropriate indicators were as follows: 
1. the indicator should be relevant to the corresponding LUF, 
2. the indicator should be clear and understandable, 
3. the indicator should be as precise as possible and measurable, 
4. the indicator should not be redundant to other indicators. 
3.5. Scenario Impact Assessment 
For the impact assessment, stakeholders assigned impact scores for each LUF indicator and 
corresponding scenario. It should be mentioned that the following scoring steps are not meant to be 
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used in a statistical sense, but rather as a communication tool to support knowledge exchange and to 
stimulate discussions about possible scenario impacts. A scoring scheme from –3 to +3 was used to 
reflect, respectively, significant negative or positive impacts with the following scores: 0 = no impacts; 
–1 and +1 few impacts; –2 and +2 high impacts; and –3 and +3 extremely high impacts. On completion 
of the individual scoring, average impact scores for each scenario on each LUF indicator were 
calculated (to one decimal point) and presented to the stakeholder group. The group was asked to 
discuss the average scores and the various arguments behind the individual impact scoring results. To 
initiate a discussion, the research team highlighted the contrasting positive and negative scoring results 
on each LUF and corresponding scenario. After exchange of arguments and open discussions, a second 
scoring round was undertaken in which experts could adjust the scores of the first scoring round. The 
arguments were summarized and reported by the research team, and the results were adjusted upon 
common agreement of the group. The workshop concluded with a summary presentation of the 
workshop results and a final discussion. Stakeholders were given the opportunity to give final 
comments on the impact assessment results. 
4. Results and Discussion 
4.1. Land use Functions and Indicators of Yogyakarta 
The identification of LUFs started prior to the FoPIA workshop with a brain-storming session by the 
local research team, in which the European LUFs framework [23] was adjusted towards the regional 
sustainability context of Yogyakarta. 
As a result of this adaptation process, a set of nine key LUFs were defined for the region of 
Yogyakarta. For each sustainability dimension, we identified the following LUFs (see also Table 2):  
• Social land use functions: provision of work, quality of life, and food security; 
• Economic land use functions: non-land-based activities, land-based production, and infrastructure; 
• Environmental land use functions: provision of abiotic resources, provision of biotic resources, 
and maintenance of ecosystem processes.  
The LUFs required some modifications with particular regard to the different cultural attitudes and 
sustainability targets of the Region of Yogyakarta compared to European regions. The major changes 
were considered for the social dimension in which the two LUFs, quality of life and food security, were 
newly introduced from the perspective of a developing country. Although the social LUFs are closely 
dependent on economic aspects, they reflect the main social attributes of the region of Yogyakarta, 
with respect to basic subsistence needs (food security) and livelihood (quality of life and employment). 
In contrast, the economic LUFs mainly cover aspects of economic growth (e.g., more roads and 
transportation systems, intensified agricultural production systems) and related structural changes (i.e., 
increase in built-up areas). Environmental LUFs refer to basic ecological functions  
(e.g., provision of natural goods, such as fresh water supply) and natural processes (an intact 
ecosystem: e.g., undisturbed water cycle and natural succession processes).  
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Table 2. Land use functions (LUFs) and assessment indicators of Yogyakarta. 
Land use function (LUF) 
LUF relevance to 
Yogyakarta 
Average score  
(regional 
importance) 
LUF-indicator 
So
ci
al
  
1. Provision of work: provision of 
job opportunities for all in 
activities based on natural 
resources and related secondary 
sectors (e.g., agriculture, 
forestry, processing industries) 
Land use policies 
significantly affect  
land-based employment 
opportunities [28,29]. 
7.86 
regional employment 
rate [%] 
2. Quality of life: an improved 
livelihood and a fulfilled 
minimum standard of living that 
enables a longer life expectancy 
(e.g., healthcare, education,  
time for recreation, improved  
housing facilities) 
Life expectancy is a 
major attribute of 
improved quality of life 
[30-32]. 
7.79 life expectancy [age] 
3. Food security: sufficient quality 
and quantity of food available to 
meet the minimum daily needs 
for human life; food should 
either be produced locally or 
imported from other regions 
Ensuring food security is 
the first concern of rural 
society [33,34]. 
8.79 
food availability  
[kg per capita/ year] 
E
co
no
m
ic
 
4. Non-land based activities: 
including residential and land 
independent production systems, 
provision of space where 
residential; social and 
productive human activity takes 
place in a concentrated mode  
(e.g., settlements, industries, 
and urban areas) 
Built-up areas reflect 
economic development 
situation in Central Java 
[28,29,35]. 
8.50 
land area used by 
built-up areas  
[GDP output/region] 
5. Land-based production: land 
that is used for production 
activities which do not result in 
irreversible change; e.g., 
agriculture or forestry 
The majority of the local 
population is involved in 
agricultural production 
[36,37]. 
7.64 
land used for crop- 
and economic 
production  
[km²/region] 
6. Infrastructure: road networks, 
railways, and public transport, 
involving a development that is 
largely irreversible 
Transportation to link the 
region with outside  
areas [35]. 
8.14 
road density  
[km length/region] 
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Table 2. Cont. 
Land use function (LUF) 
LUF relevance to 
Yogyakarta 
Average score 
(regional 
importance) 
LUF-indicator 
E
nv
ir
on
m
en
ta
l 
7. Provision of abiotic resources: 
the role of land in regulating the 
supply of water 
Water availability is a 
basic natural resource 
[38]. 
8.00 
water availability  
[m3/region] 
8. Provision of biotic resources: 
factors affecting the capacity of 
the land to support the provision 
of abiotic resources and 
ecosystem processes 
Protected land is a main 
indicator for an improved 
environment [39]. 
7.71 
natural land under 
protection  
[area size/region] 
9. Maintenance of ecosystem 
processes: the role of natural 
cleaning processes to supply 
clean and fresh water 
Clean water is a major 
development target 
[28,40]. 
8.14 clean water [m3] 
 
The selected assessment indicators for each LUF were the following (Table 2): employment rate, 
life expectancy, food availability per capita, size of built-up areas, land used for crop and economic 
production, road density, water availability, area size of natural land, and water quality. 
Results of the scoring exercise of stakeholders’ perceptions towards the regional importance of each 
LUF (Table 2) revealed that food security (8.79), non-land based activities (8.50), infrastructure (8.14), 
the provision of abiotic resources (e.g., water availability) (8.00), and the maintenance of ecosystem 
processes (e.g., provision of clean water) (8.14) appeared to be most important in Yogyakarta. This 
seems to be reasonable because regional food production dropped as a result of conversions of  
crop-land to urban areas with consequences for regional food supply and self-sufficiency. Urban related 
LUFs were considered highly important for non-land based activities and infrastructure, since these 
two LUFs reflect the recent economic activities. The supply of clean water appeared to be a crucial 
aspect in the Yogyakarta region, due to high urbanization rates and lagging sanitation systems. These 
sanitation systems are considered a general problem of fast growing cities in developing  
countries [27]. In contrast to this, provision of work (7.86), quality of life (7.79), land-based production 
(7.64), and the provision of biotic resources (7.71) were scored to be less important, as indicated by 
lower scoring results. Stakeholder opinions brought forward stated that urban areas provide new job 
opportunities and better access to education and health care systems. These qualities were believed to 
improve the quality of life. With urban-rural land conversions, land-based production was scored less 
important, since urban areas provide new economic opportunities to rural society. The protection of 
natural land was scored as less important because the current priorities for sustainable development 
were given on urban and economic development issues. 
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4.2. Stakeholder-Based Scenario Impact Assessment 
4.2.1. BAU scenario impacts 
The provision of work was seen as a way of improving under the BAU scenario (impact score +1.7;  
Table 3). The main argument brought forward by the stakeholders was that the rapid economic growth, 
particularly in the urban areas of Yogyakarta, will provide new job opportunities to the local people. 
The close relationship between economic growth and employment was also observed, for example, by 
Firman [41]. However, it was mentioned that most of the new jobs created would be primarily run by 
migration workers and therefore, would be less available for local people. The negative impacts on 
quality of life for health issues (impact score –1.2) were expected, due to the increasing risk of natural 
disasters, such as landslides and floods, as a result of ongoing and uncontrolled land conversions (built-
up and deforestation). Some stakeholders and a study by Hidajat [32] saw possible improvements to 
handle such health threats via higher education. A common agreement that is also reported by several 
studies (e.g., [27,33,34]) was that ongoing land conversions of crop-land into build up areas put local 
food security at a high risk (impact score –2.1). However, a positive aspect mentioned in this regard 
was the likely introduction of new and improved technologies (e.g., high yielding varieties and 
fertilizers) that would increase the land productivity and food output  
per land unit. 
Table 3. Scenario impact assessment results based on stakeholder judgements. 
Land use function BAU S1 S2 
 Mean min/max mean min/max mean min/max 
Provision of work 1.7 3/–2 –0.1 2/–2 0.9 3/–2 
Quality of life –1.2 1/–2 1.8 3/0 1.8 3/0 
Food security –2.1 2/–3 0.4 3/–3 2.5 3/1 
Non-land based activities 1.8 3/–1 0.4 3/–2 0.1 3/–2 
Land-based production –2.0 3/–3 –0.1 3/–3 1.7 3/–3 
Infrastructure 1.5 3/–3 0.4 3/–2 0.5 3/–2 
Provision of abiotic resources –2.1 –1/–3 2.2 3/0 0.1 3/–3 
Provision of biotic resources –2.2 –1/–3 2.0 3/–1 –0.1 3/–3 
Maintenance of ecosystem processes –2.2 0/–3 1.9 3/–1 –0.6 3/–3 
 
The non-land-based development was considered to improve during the coming years, due to high 
economic growth in Yogyakarta (impact score +1.8) (e.g., [16,28,35]). Nevertheless, it was mentioned 
that the increasing development of settlements in the most developed district of Yogyakarta  
(Sleman District) towards the Merapi volcano would bring a higher risk for possible drawbacks and 
urban devastations due to natural hazards. The stakeholders’ impact scores for the land-based 
production ranged from –3 to +3, with different underlying arguments, but with negative scenario 
impacts on average (impact score –2.0). The main negative arguments were that agriculture will 
experience dramatic losses of productive land due to high land conversion rates and the fast expansion 
of urban areas into rural regions. This argument was also supported by Hadiprayitno [33] and  
Herlina [34]. Positive arguments referred to improved and intensified agricultural practices that may be 
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reasonable if new techniques will be introduced [41]. With regard to infrastructure, developments were 
expected to be positive (impact score +1.5), and the main argument was that the government, due to 
Yogyakarta’s rapid economic development, will increase investments into road and transportation 
projects [35]. Again, some stakeholders mentioned that natural hazards may cause serious damage to 
high-risk development sites, particularly in those which are close to the Merapi volcano.  
The provision of abiotic resources, including a guaranteed supply of natural water resources, was 
shown to experience serious regional problems [28] with a high negative impact score (–2.1). The main 
argument was that illegal forest logging in the headwater catchments caused by increasing population 
pressure and higher demands for natural resources will dramatically increase. Although water 
availability was not considered an issue during the past, because of high regional rainfall, increasing 
demand for water resources and a continuing disturbance of natural water systems became a major 
concern nowadays. Similar negative impacts were also seen on the provision of biotic resources 
(natural and protected areas), with a negative impact score of –2.2, and on the maintenance of 
ecosystem processes (impact score –2.2). It was argued that land conversions and increasing 
establishments of urban settlements on mountainous upstream areas causes land degradation 
(landslides) and water pollution, with related loss of natural land (see, e.g., [40]). In addition to the 
mainly negative arguments on all environmental functions (impact scores from –3 to 0), it was stated 
that rural people may become more aware of their environment through negative experiences, training, 
and education (see e.g., [32]), and because of this, locals may handle natural resources more 
sustainably in the future. 
 
4.2.2. S1 scenario impacts (forest protection) 
The average scoring impacts of the S1 scenario on the provision of work were slightly  
negative (–0.1; Table 3). However, the range of given scores was wide (–2 to +2). The negative impact 
scores were mainly based on the opinion that forest land, which is usually under protection, will not 
provide employment possibilities. The positive argument referred to a forest protection program, called 
‘GERHAN’, which is run by the government, and to the expansion of industrial forest plantations for 
teak production that provide some job opportunities to the region. Quality of life was considered to 
perform positively under the S1 scenario (impact score +1.8). The most common opinion was that 
forest land will reduce the risk of natural disasters, such as landslides or floods [42], and hence limit 
the danger for human life. Based on the opinion that large areas of forest land will be used as integrated 
agroforestry systems or so-called household gardens, the corresponding scoring argument for food 
security (impact score +0.4) was positive on average. These combined agriculture-forest systems have 
a long tradition in the Region of Yogyakarta [43] and provide various fruit products, such as mango, 
papaya, coconut, banana, and other tropical fruits.  
Non-land-based production was expected to increase (impact score +0.4), based on the general 
trends of the BAU scenario and the assumption that non-land-based production is intensified due to the 
shift of agriculture activities to more off-farm activities in the service and industry sectors. This 
development trend was considered to of benefit for the overall economic development [29,36].  
Land-based production was predicted to decline (impact score –0.1) and was underpinned by the 
argument that regional land use develops towards more urban and related built-up areas in the 
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surroundings of Yogyakarta City [29]. Infrastructure was expected to progress further in development 
through structural changes and government investments [28,29].  
The provision of abiotic and biotic resources and the maintenance of ecosystem processes were all 
seen to improve under the S1 scenario (impact scores of +2.2, +2.0, +1.9, respectively). The main 
arguments behind these impact scores were that the conservation of forest land will contribute toward 
the fulfilment of key ecosystem processes. For example, forest land will stabilize hydrological 
functions at watershed level including water infiltration into the soil and related groundwater recharge, 
and provide natural filtering mechanisms for fresh water [42].  
 
4.2.3. S2 scenario impacts (paddy field conservation) 
The provision of work was scored to improve under the S2 scenario (impact score +0.9; Table 3). 
The main argument mentioned by the stakeholders was that the Region of Yogyakarta, as a national 
food bowl for rice production [19], has a long tradition of agriculture. Agriculture has always provided 
work to rural society. Some stakeholders, however, raised their concerns about paddy field cropping 
because agriculture activities and related economic returns may not held pace with the overall rapid 
economic growth in Yogyakarta, and many farmers tend to leave on-farm activities for alternative  
off-farm jobs [29,41]. Quality of life was expected to perform positively under the S2 scenario (impact 
score +1.8). The common opinion was that paddy fields, if properly managed, may reduce the risk of 
landslides and floods, and hence limit the risk of natural disasters on human health. The food security 
situation was believed to improve if paddy fields will be maintained and their productivity increased 
through technological innovations [33,34].  
On average, the non-land-based production, based on the opinion that alternative off-land sectors, 
such as industries and services are intensified [28], was thought to slightly increase (impact  
score +0.1). The land-based production was expected to increase (impact score +1.7); this opinion was 
underpinned by the argument that regional paddy field production is intensified and supported towards 
national food security. Infrastructure was expected to create some developmental progress through 
governmental construction programs (impact score 0.5), which link remote rural regions to other areas.  
The provision of abiotic resources was expected to slightly improve (impact score of +0.1) on 
average, although scoring arguments were varied. To the stakeholders’ opinion, paddy fields may have 
either effect on regional water availability. On the one hand, water resources are restored on paddy 
cultivations [44], but on the other hand, water is also intensively used for crop production and is less 
available for other uses. The provision of biotic resources and the maintenance of ecosystem processes 
were expected to slightly decline (impact scores of –0.1, –0.6, respectively). The common opinion was 
that paddy fields fulfill less natural functions when compared to those of natural land, and contribute to 
lower water quality, due to use of chemicals and fertilizers. 
4.3. Overall Performance of LUFs under the Three Scenarios 
Impacts of the BAU scenario resulted in negative impacts on two social LUFs (quality of life and 
food security), an economic LUF (land-based production), and all environmental LUFs. The provision 
of work (social LUF) and the economic LUFs, non-land based production and infrastructure, were 
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assessed to improve. The scenario impact performance illustrates a positive impact result of the S1 
scenario on seven out of nine LUFs, which particularly includes the environmental LUFs and excludes 
the social LUF, ‘provision of work’, and the economic LUF, ‘land-based production’. Impacts of the 
S2 scenario were expected to have positive impacts on seven out of nine LUFs, which, in this case, 
particularly refer to the social and economic dimension and exclude the environmental LUFs, 
‘provision of biotic resources’ and ‘maintenance of ecosystem processes’. As an overall outcome, S2 
showed the highest positive impacts on most LUFs compared to the BAU and S1 scenarios. 
Nevertheless, the two environmental LUFs, ‘provision of biotic resources’ and ‘maintenance of 
ecosystem processes’, were expected to experience negative impacts in the scenario S2.  
The results of the stakeholder-based impact assessment were shown to be differentiated for each 
scenario. The general outcome seems to be plausible, although the impact arguments varied among 
workshop participants.  
The general reasons behind the negative impacts on the environmental LUFs and related negative 
impacts on the quality of life appeared to be well understood by most stakeholders. The land 
conversion towards built-up areas appeared to be a major threat for regional land-based production, and 
consequently, land conversion affects food security. The positive performances of the economic LUFs, 
non-land based production and infrastructure, and the social LUF, provision of work, appeared to be 
reasonable, as a result of rapid economic development.  
Under the S1 scenario, the social LUF, provision of work, was expected to experience negative 
impacts. Forest plantations and protected forest land were considered to provide only a few job 
opportunities that cannot supply sufficient job possibilities to a growing population size. The scenario 
S1 was considered to contribute to local food security through food harvests from agroforestry systems 
and forest gardens—whereas the economic output with regard to land-based production was considered 
to develop negatively. The social LUF, ‘quality of life’, and the environmental LUFs were all expected 
to improve by meeting the goals of soil and water conservation strategies.  
The S2 scenario was expected to have negative impacts on two environmental LUFs (‘provision of 
biotic resources’ and ‘maintenance of ecosystem processes’). Paddy field cultivation was considered to 
have rather negative effects on natural ecosystem processes and also contributes to water pollution. The 
positive performance of all social and economic LUFs appeared to be reasonable for the ‘provision of 
work’, ’quality of life’, ‘food security’, and ‘land-based production’. Impacts of the S2 scenario were 
assessed to be moderate on ‘non-land based production’ and ‘infrastructure’ as a result of some 
economic growth, and also slightly positive on the environmental LUF, ‘provision of abiotic 
resources’, as a result of water management strategies. 
4.4. Reflections on the FoPIA Approach 
From a methodological point of view, we want to point out some critical reflections on the FoPIA 
method and its transferability success to a tropical region in South-East Asia (i.e., Indonesia). The 
overall results of the impact assessment appeared plausible, and the reactions of the stakeholders 
involved in the assessment process allow us to conclude that a participation-based method is suitable 
for the context described. A particular advantage of the chosen FoPIA method is that in the absence of 
transparent monitoring and background data, the consultation of stakeholders from different 
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backgrounds ensures that a wide range of information is gathered and the risk of overlooking important 
causal relationships is reduced.  
After the FoPIA workshop, a team-internal evaluation by the participating expert group showed the 
following positive aspects: the FoPIA provides a well structured guideline to conduct an SIA, offers a 
high degree of transparency, produces quick results, and is a good approach for interdisciplinary 
knowledge exchange with regard to a better understanding of the sustainability concept. The stated 
negative aspects of this method referred to the limited number of indicators, complexity of scenarios, 
different sustainability issues, and limited time budget for some experts, as they had to spend a full day 
on the workshop. The quantification of results remains limited and instead, requires a more qualitative 
interpretation. The inclusion of social LUFs appeared to be crucial by revealing sensitive impact issues 
that were of particular importance to assessing urban-rural sustainability in an integrated way; 
however, a close link to economic LUFs remains.  
Nevertheless, the FoPIA requires careful preparation, critical evaluation, and feedback 
communication of the final results. If FoPIA is used as a stand-alone method, it is recommended that 
one pay particular attention to the stakeholder selection process (i.e., ensure that a balanced and 
interdisciplinary selection is made) and to make enough time available to carefully discuss all scoring 
extremes and stakeholder arguments. In this study, we found it helpful to include local knowledge from 
different levels that supported and complemented the implementation of the SIA process; these actions 
allowed for a critical evaluation and reflection of the FoPIA results. 
5. Conclusions 
The intention of this study was to perform an SIA of two alternative land use policies by focusing 
not only on environmental issues, but also on social and economic aspects. We have chosen a 
qualitative impact assessment approach with quantitative elements using local stakeholder knowledge. 
The chosen approach proved to be useful in this particular assessment context, which is characterized 
by low data availability and the necessity of cross-disciplinary integration of knowledge.  
The key outcomes of our study are therefore not only the assessed impact scores, but moreover the 
arguments behind them:  
Firstly, the stakeholders generally believed that the conservation of forest land or paddy fields had 
rather positive impacts on most social and ecological land use functions in Yogyakarta, but some 
stakeholders also indicated that land-based production may not hold pace with overall economic 
development. In fact, many rural people tend to sell their land to receive ad hoc cash and may reorient 
to better paid off-farm jobs. This is supported by other studies and the fact that rural income sources, 
such as small-scale agriculture or eco-tourism alone, do not provide sufficient economic returns for 
larger population numbers.  
Secondly, uncontrolled land conversion and natural hazards remain two major problem issues in 
Yogyakarta. On the one hand, high population pressure and increasing demand for land cause the 
cultivation of land at risky sites. On the other hand, unexpected natural disasters can set incentives for 
people to concentrate on specific sites, which often leads to uncontrolled land degradation. 
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Recommendations drawn from our study are based on stakeholders’ preferences and their scenario 
impact judgements and include the following: 
• to ensure regional food security by maintaining and conserving paddy fields so as to 
supply sufficient food to the region, 
• to allow for regional development, including built-up and infrastructure projects, but to 
carefully consider potential negative side effects and to establish spatial measures that 
monitor and control land conversions from rural to urban land use, 
• to maintain key ecosystem processes by protecting remaining forest land, particularly in 
the headwater catchments of Yogyakarta, and thereby reduce the risk of landslides  
and floods, 
• to promote integrated agroforestry systems and home gardens that should contribute  
to some local socio-economic benefits to rural society, while maintaining key 
environmental land use functions. 
Further research should study more of the differentiated land conversion impacts on regional  
(i) water availability, (ii) profitability, and (iii) food security to inform decision makers and to improve 
land management practices at a regional level. On a methodological level, some practical issues should 
be considered: the definition of the optimal group size of stakeholders that should be included into the 
different steps of the SIA process, the design of policy and land use change scenarios, the identification 
and selection of appropriate sustainability indicators, and the determination of how much preparation is 
needed in order to make the workshop most effective, but at the same time, maintain stakeholder 
motivation. Furthermore, it remains to be seen whether the method itself can possibly serve as a 
decision support instrument for stakeholders, or whether the exercise remains on an academic level. 
For future applications, this ambiguity needs to be worked on, so as to clearly make use of this tool. 
FoPIA has a high potential to guide stakeholders’ discussions, throughout an impact assessment, 
towards the different dimensions of sustainability.  
It should be kept in mind that the FoPIA puts the most emphasis on the impact assessment 
procedure itself and the ‘participatory’ process of impact discussions on each of the scenarios and 
‘affected’ indicators. These potentials need to be sharpened while the deficiencies need to be 
reconsidered and further developed for future applications.  
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